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DISCUSSION AND SUMMARY 
In the preliminary studies carried out in the laboratory and 
greenhouse, very similar effects were exerted on the bacterial ac-
tivities in the soil and on the yield of. oats from the use of th~ 
variously prepared artificial manures and from the application 
of farm manure. Vo,T ell-rotted farm manure had a ' much greater 
effect on carbon dioxide production in sand cultures than did th~ 
artificial manures, but some of the artificial manures produced 
as large an influence as did the fresh farm manure. The sweet 
clover manure had a distinct beneficial effect, and the straw ma-
nure also jncreased the carbon dioxide production. The greater 
influence of the well-rotted farm manure was undoubtedly due 
to the greater decomposition occurring in that material tl~an in 
the artificial manures. 
The nitrification studies in sand cultures in the greenhouse indi-
cated that nitrate accumulation was depressed by the additions 
of farm manure and artificial manures, there being just as great 
a depression from the farm manure in 7Vz and 15 ton applica-
tions as from the artificial manures. The nitrifying power of the 
sand cultures was increased by the treatments, the artificial ma-
nures, in some cases, having a greater effect than the farm ma-
nure. The straw-clover ' manure and the sweet clover manure 
showed a greater effect than the farm manure. Apparently the 
greater nitrification brought about by the treatments was fol-
lowed by a greater assimilation and, hence, there was a lower con-
tent of nitrates at 11 dates of sampling. In this test the artificial 
manures and the farm manure seemed to have similar effects on 
nitrification, but the artificial manures, in some cases, had a 
greater stimulative influence on the oats grown than did the 
farm manure. 
In the nitrate assimilation experiment in the laboraton', the 
application of farm manure appreciably stimulated the develop-
ment of the nitrate assimilating organisms in the Carrington 
loam. The oats straw and the straw manure brought about a 
greater stimulation, but the artificial manures in general showed 
a smaller stimulation on this group of organisms. It is apparent 
that the artificial manures had no greater influence in increasing 
nitrate assimilation than did farm manure. These results were 
confirmed by later tests in the greenhouse and in the field on the 
Carrington loam, but it was noted that those artificial manures, 
which were not so well decomposed when applied to the soil, 
stimulated these nitrate assimilating organisms more and the ef-
fects persisted in the soil for a longer period. 
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In the greenhouse experiments on Carrington loam, the artifi-
cial manures and farm manure had very similar effects on nitrate 
production, and while the influence on nitrification was not quite 
so great at first, the later effects were greater than those produced 
by farm manure. The influence of the various manures was 
similar on the crop of oats grown in this test. 
Field experiments on the Webster loam in 1926 and 1927 and 
on the Carrington loam in 1928 and 1929 with variously prepared 
artificial manures in comparison with farm manure indicate that 
nitrate assimilation, nitrification, nitrate accumulation and the 
numbers of bacteria, molds and actinomycetes were very similarly 
affected by the additions of the various manures. The yields of 
corn were also influenced in a very similar way by the artificial 
manures and farm manure, altho in some instances there were 
differences in yields which were out of line with the general 
trend of the results. 
From the results as a whole it is apparent that the proper com-
posting of straw and cellulose residues may permit the produc-
tion of artificial manures which will give similar effects on bac-
teriological conditions in the soil and on crop yields to those oc-
casioned by farm manure. There is a similar stimulation in the 
nitrification process 'and in the numbers of organisms, and while 
nitrate assimilation is also stimulated by the artificial manures, 
the influence on this process is no greater than that produced by 
farm manure. While, therefore, there may be a reduced con-
tent of nitrates in the soils following the addition of these artifi-
cial manures, there is no greater reduction than that brought 
about by farm manure. As farm manure has a well-known bene-
ficial effect on crop growth, it is apparent that there need be no 
deleterious effect from well-decomposed artificial manures either 
on crop yields or on soil conditions in general. In fact it would 
seem that quite as large beneficial effects should be exerted, and 
any increase in nitrate assimilation and decrease in nitrate con-
tent is more than offset, from a crop production standpoint, by 
the increased nitrification which is occasioned. 
The Effects of Artificial Farm Manures 
on Soils and Crops 
By F. B. SMITH AND P. E. BROWN 
Since Hutchinson and Richards (5) first devised a practical 
method for the production of artificial farm manure, there has 
been some experimental work in this country along similar 
lines, and much has been learned regarding the best methods 
of production. While only a limited amount of artificial manure 
is being produced at present, and mainly on an experimental 
basis, the process is of considerable interest inasmuch as such 
materials as straw and corn stalks are being used in its pro-
duction, and a manure is formed which is similar in appear-
ance and composition to ordinary farm manure. The desirabil-
ity of such a substitute for, or supplement to, ordinary farm 
manure from the soil fertility standpoint is. quite evident. 
The effects of various artificial farm manures on soil condi-
tions and on crop yields and their relative value compared with 
farm manure, however, have not been definitely determined. 
The purpose of the work reported in the following pages was 
to study the influence of artificial manures, produced in various 
ways, on certain bacteriological activities in the soil, such as 
carbon dioxide production, nitrate production and the nitri-
fying power of the soil, and on the yields of certain crops. The 
work was especially planned to compare the effects of he arti-
ficially produced manures with ordinary farm manure. 
HISTORICAL 
Most of the work of the past on artificial manure has dealt 
mainly with methods of production, and only a very few experi-
ments have considered its effects on soils and its value, compared 
with farm manure, as measured by its influence on crop yields. 
The literature dealing with production experiments has been 
reviewed in another publication (15) and will not be given 
here. The work which has been carried out along production 
lines in connection with the tests reported here is given in the 
pUblication referred to. 
Rhodin (11) conducted field experiments for eight years 
with manures made from peat litter, from straw and from 
mixtures of peat litter and straw. The manures were applied 
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at the rate of 35 tons per acre, and potatoes, rutabagas and 
oats were grown. The manure made with the peat litter pro· 
duced the largest crops and gave the most economical returns 
The peat litter manure and the mixed peat litter and straw 
manure produced the largest yields the first year, while the 
straw manure did not produce its maxiplUm effect until the 
third year. . 
Russell (12) reported satisfa~tory results from the use of 
straw manure on potatoes. Commercial fertilizers and straw 
manure were very effective in increasing the yield of potatoes 
but were slightly less effective than commercial fertilizers and 
cow manure. 
Oakley (8) has suggested the desirability of the use of 
artificial manures on golf courses. 
Mundy (7) reported satisfactory results in field trials with 
artificial manure made from corn stalks by the Adco process. 
Scott (13, 14) secured inconclusive results in one test with 
artificial manure and in a second test with mangolds found 
small increases. The manure was applied · at the rate of 20 
tons per acre. The artificial manure was less effective than 
farm manure. 
Prescott and Piper (10) obtained similar results with artifi-
cial manure and with farm manure when applied to potatoes, 
the applications of both being made at the rate of 40 tons 
per acre. 
Albrecht (f) applied artificial manure, farm manure and 
straw as top dressings to wheat. The artificial manure gave 
results superior to those secured from straw, and its effects 
on the succeeding crop of sweet clover were greater than those 
brought about by farm manure. 
Brown and Smith (3) secured similar effects on nitrate pro-
duction in a virgin Carrington loam in a greenhouse experiment, 
from the use of artificial manure and farm manure. 
Lambert (6) grew mushrooms in eight artificial manures and 
in composted horse manure. The yield of mushrooms on three 
of the artificial manures was about one-half that obtained on 
the composted horse manure. 
Collison and Conn (4) experimented with artificial manures 
made with Adeo and straw and a mixture of straw and certain 
chemicals, in the greenhouse, in sand cultures, growing barley, 
rape and peas. The manure made with the straw and chemicalE 
increased the growth of all the plants, more than doubling the 
yield in all cases except with the inoculated peas. The Adcc 
manure produced a toxic effect which was different from the 
injurious effect of fresh straw. The margins of the leaves 
turned white ~nd the plants seemed stunted. This was not con-
sidered, however, a serious objection to the Adco. 
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EXPERIMENTAL 
The experiments which were carried out with artificial farm 
manures, included studies of the influence of variously produced 
artificial manures and farm manure on carbon dioxide produc-
tion, nitrate production, the nitrifying power of soilg, the 
nitrate assimilating power of soils and the yields of oats and 
corn. The tests were carried out in the laboratory, greenhouse 
and field, and were conducted in sand cultures, on Carrington 
loam and on Webster loam. The two soil types studied are 
important in Iowa and quite extensively developed in the "\Vis-
consin drift soil area. The results are tabulated and discussed 
by series. 
SERIES 1. EXPERIMIDNTS IN SAND 
The comparative effects of various artificial manures and 
farm manure were first studied in laboratory and greenhouse 
tests in sand as a preliminary to the field experiments . 
. The analyses of the manures used in these experiments are 
given in table 1. The artificial manures were produced in the 
open by composting straw with a reagent which supplied 0.75 
percent of nitrogen, water being applied to the compost heaps 
during the initial stages of decomposition. The straw-clover 
manure No. 1 was made by composting 1,600 pounds of oats 
straw with 400 pounds of green sweet clover, and the straw-
clover mixture No.2 consisted of 1,200 pounds of oat:;; straw and 
800 pounds of green sweet clover. One ton of untreated oats 
straw was wet down and allowed to decompose along with the 
other composts, the partially decomposed straw constituting 
the straw manure. Similarly, the sweet clover manure was 
made by wetting a ton of green sweet clover and allowing it to 
decompose. The fresh farm manure was taken from the cattle 
barn and the well-rotted manure was obtained from an open 
feed lot. 
Carbon Dioxide Production 
The effect of the manures on carbon dioxide production was 
studied in the laboratory in sand. One kilogram of fine quartz 
sand was placed in two-liter bottles and the fresh farm manure 
applied at the rate of 15 tons per acre. The other manures were 
added on an equivalent nitrogen basis. Superphosphate was 
applied at the rate of 300 pounds per acre and muriate of 
potash at the rate of 75 pounds per acre. The materials were 
mixed thoroly with the soil and the moisture content was adjusted 
to 50 percent of the saturation capacity. The bottles were set 
up in an absorption train (9) and connected with an aspirator. 
One percent potassium hydroxide was used to collect the carbon 
dioxide, the aspiration being continuous. The carbon dioxide 
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was determined by the double titration method. The determina-
tions were made daily for the first 11 days, then every other 
day and finally every week until 78 days had elapsed. 
The results of the daily determinations are not given, but 
the data for the 11, 32 and 78-day periods are summarized in 
table ' II. The total amount of carbon dioxide produced and 
the average production per day for the three periods are given 
in duplicate for each treatment. 
The results secured for the duplicate treatments check rather 
closely when it is considered that no absolute control of aspira-
tion wa~ possible by the method. While the results are only 
relative, they are sufficient for comparison. 'Vell-rotted farm 
manure brought about the greatest production of carbon dioxide 
during all the periods, and the average daily production was 
almost twice. as large as with any of the other treatments. The 
straw manure was second in average production of carbon di-
oxide and in daily production, being almost equaled and in one 
case surpassed by one of the fresh manure treatments. The 
fresh manure stood third, followed closely by the straw and 
sweet clover manure NO. ·2. The sweet clover and straw manure 
No.1 was the lowest, and the other artificial manures appeared 
somewhat higher in carbon dioxide production and in daily 
production. In all cases the greatest production and the highest 
average per day occurred during the first 11-day period. The 
averages per day for 78 days for the various manures were only 
slightly greater than that for the check, except in the case of 
the well-rotted farm manure, the straw manure, the fresh farm 
manure and the sweet clover manure. The straw and sweet 
clover manure No.2 was also slightly higher than the check. 
The well-rotted farm manure was much more effective than 
the fresh farm manure in increasing carbon dioxide production. 
Nitrification and Yields of Oats in Sand in the Greenhouse 
The manures produced as previously described, and of the 
composition shown in table I, were used in pot tests in the 
greenhouse. A series of 72 four-gallon pots filled with sand 
TABLE I. ANALYSES OF ARTIFICIAL MANURES AND FARM MANURES TESTED 
IN SAND AND IN FIELD EXPERIMENTS-1926 
Percent- Percent- Percent-
No. Manure age age total age phos-
NO,-N. nitrogen phorus 
1 Straw manure ' 0 . 004 1.57 --
2 Adco manure 0.005 2.06 0.977 
3 Ammonium Bulfate + lime manure 0.036 1. 55 --
4 Straw + clover manure N o.1 0 .092 2.28 0.202 ' 
5 Straw + clover manure N o.2 0.092 2.59 0.255 
6 Sweet clover manure -- 2.00 0.179 
7 Farm manure (fresh) -- 1.77 0.459 
8 Farm manure (well rotted) 0 .072 1.60 --
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
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TABLE II. EFFECT OF ARTIFICIAL MANURES AND FARM MANURES 
ON CARBON DIOXIDE PRODUCTION IN SAND 
Mgm. C02 produced in 
Treatment Av. Av . Av. 
11 days per day 32 days per day 78 days per day 
11 days 32 days 78 days 
Check 67.9 6.17 138 . 0 I 4.3 196 .2 2.5 
67.9 6.17 124.0 3.8 144 .8 1.8 
Straw manure 200.6 18.23 335.5 10.7 602.3 7 . 7 
214.8 19 .52 367.6 11. 5 586.0 7 . 5 
Adeo manure 120 .2 10.92 171.8 5.3 197.9 2.5 
104.2 9.47 189 .5 5.9 226.\1 2.9 
Ammonium sulfate 107 . 9 9.81 188.4 5 . 8 206.3 2.6 
+lime manure 74 .8 6.80 151 . 6 4.7 201.9 2 .5 
Straw +clover rna- 94.3 8.57 183.9 5.7 221.1 2.8 
nure No. 1 80.3 7.30 165.8 5.1 216.8 2.7 
Straw +clover rna- 178.0 16.18 313.4 9.7 432 . 5 5.5 
nure No.2 89.9 8.17 180.0 5.6 246.6 3.1 
Sweet clover manure 196 .8 17.90 371.1 11. 6 491.2 6.3 
147 . 9 13.44 306 .5 9.5 459 . 7 5 . 9 
Farm manure 211. 7 19.24 362.8 11. 3 469.3 6.0 (fresh) 137 .4 12.50 287.4 9.0 385.5 4 . 9 
Farm manure (well 374.2 34.00 814.4 25.4 1118 .4 14 .3 
rotted) 345.3 31.40 651.1 20.3 884.7 11. 3 
were treated with the various manures. Six pots received 
applications at the rate of 15 tons per acre and two pots at the . 
rate of 7112 tons per acre. Four pots of each treatment receiving 
the 15-ton application were planted to Iowar oats on Jan. 5 and 
the other pots were left fallow. The moisture content in all the 
pots was kept at the optimum. Samples fo1;' nitrification studies 
were taken from the fallow pots on Feb. 1 and 15, March 1 and 
15, and on April 1. ' 
Nitrate Production. The nitrate content of the sand was 
determined by the phenoldisulfonic acid method, at each samp-
ling. The results are given in tables III and IV for the 15 
ton and 7% ton applications of the manures. At the first 
sampling the nitrate content of the sand was increased under 
all treatments, except with the well-rotted farm manure applied 
at the rate of 15 tons per acre, the ammonium sulfate-lime 
manure at 15 tons and the fresh manure at 7% tons. The straw-
sweet clover manure No. 1 had the grea.test effect of all the 
materials at this sampling, when applied in both the larger 
and smaller amounts. In several cases the artificial manures 
were more effective at this sampling than the farm manure. 
At the second sampling the nitrates were lower under all 
the treatments than in the checks, except with the sweet clover 
manure applied at the rate of 7% tons. The differences, how-
ever, in most cases with the lower application were not large 
enough to be definite. At the third sampling less nitrate 
was produced under all the treatments than in the check, where 
15 tons of the manures were employed, and the differences with 
the 7%-ton applications were very slight. 'At the fourth samp-
ling, no large differences were secured, but in a few cases the 
treatments gave slight increases. The total amount of nitrates 
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TABLE III. EFFECT OF ARTIFICIAL MANURES AND FARM MANURES ON 
NITRATE PRODUCTION IN SAND 
Mgm. NO.-N. per 100 gms. 
dry sand 
No. Treatment] - - - - -- - - --
Feb. Feb. Mar. Mar. April 
1 15 1 15 1 
--------
1 Check 0 . 39 0.65 0.84 0 . 98 0.37 
2 Straw manure -15 tons per acre 0.49 0.45 0.48 0 .80 0 . 24 
3 Adco manure -15 tons per acre 0 . 60 0 . 55 0.44 0 . 96 0 .21 
4 Ammonium sulfate-lime manure-I5 tons per 
acre 0 . 10 0.47 0.50 0.85 0 . 24 
5 Straw-clover manure No. 1-15 tons per acre 0 . 90 0.46 0.43 0 . 82 0.15 
6 Straw -clover manure No.2 -15 tons per acre 0. 50 0.39 0 . 47 1.00 0.23 
7 Sweet clover manure -15 tons per acre 0.47 0 . 51 0 . 54 1.00 0 . 20 
8 F arm manure (fresh) 15 tone per acre 0 . 39 0 . 45 0 . 32 1.00 0.25 
9 F arm manure (well rotted) 15 tOllS per_acre 0 . 10 0 . 45 0 . 39 1.07 0 . 34 
was greater in all the soils at the fourth sampling than at any 
previous date. At the last date, the lowest content of nitrate 
was obtained, the amounts present being much less than at 
the previous date. The content under all the treatments was 
less than in the checks. 
Nitrification. The effects of the artificial manures and farm 
manure on nitrification were determined at five different sampl-
ing dates. The results for the 15-ton and 7%-ton per acre ap-
plications are given in tables V and VI. At each sampling 100 
gram equivalents of dry sand were weighed out in tumblers 
and treated with 100 mgm. of nitrogen as ammonium sulfate. 
The moisture content was maintained at 50 percent of the 
saturation capacity during the incubation period which extend-
ed over four weeks at a temperature of 24-26 degrees C. At 
the end of the incubation period the nitrate content was deter-
mined by the phenoldisulfonic acid method. 
The nitrifying power of the sand was increased by all the 
manures except the straw manure at 15 tons, at the first sampling 
and in the 7% ton application at the last three samplings, the 
fresh farm manure at '1% tons at the fourth sampling, and the 
well rotted farm manure at 7% tons at the second and fourth 
TABLE IV. EFFECT OF ARTIFICIAL MANURES AND FARM MANURES 
ON NITRATE PRODUCTION IN SAND 
Mgm. NO. -N. per 100 gms. 
dry sand 
No. Trea.tment ----------
Feb. Feb. M ar. Mar. April 
1 15 1 15 1 
--------
1 Check 0 .20 0 .45 0 .46 1.10 0.35 
2 Straw manure -7 7'2 tons per acre 0. 53 0 . 36 0.48 -- 0.28 
3 Adco manure - 7 7il tons per acre -- 0 . 38 0.47 0 . 98 0.18 
4 Ammonium sulfate -lime manure - 7 7'2 tons per 
acre 0 .40 0 . 35 0 .44 0 . 93 0 . 18 
5 Straw-clover manure No. 1-7 }-2 tons per acre 1.00 0 . 41 0.48 0 . 99 0 . 17 
6 Straw - clover manure No. 2 - 7 ~ tons per acre 0 . 58 0 .44 0.48 1.11 --
7 Sweet clover manure - 7 72 tons per acre 0 .53 0 .50 0 . 47 1.00 0 . 20 
8 Farm manure (fresh) 7 ~ tons per acre 0 . 18 0 . 43 0 . 36 0 . 98 0 . 26 
9 Farm manure (well rotted) 7 7f tOllS per:acre 0 . 69 0.40 0.46 1.00 0.30 
No. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
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TABLE V. EFFECT OF ARTIFICIAL MANURES AND FARM MANURES 
ON NITRIFICATION IN SAND 
Mgm. NO. -N. per 100 gms. 
dry sand 
Treatment ----------
Feb. Feb. Mar. Mar. April 
1 15 1 15 1 
--------
Check 5.00 2.00 2.50 3 . 45 2 . 96 
Straw manure -15 tons per acre 2.91 3.50 3.40 4.50 7.00 
Adco manure -15 tons per acre 5.84 4.35 4.15 5.17 4.50 
Ammonium sulfate-lime manure-I5 tons per 
acre 5.97 3.18 3.83 4 . 22 4.50 
Straw-clover manure No. 1-15 tons per acre 8.35 2.35 2.88 4.90 5.10 
Straw -clover manure No.2 -15 tons per acre 6.60 4.00 4.29 7.20 5 . 70 
Sweet clover manure - Hi tons per acre 7.35 3.55 3.56 4.50 5.98 
Farm manure (fresh) 15 tons per acre 5 . 14 5.38 5.83 4.45 4.33 
Farm manure (well rotted) 15 tons per acre 6.15 3.50 5.20 5.70 2.94 
dates. In one or two instances the differences in nitrifying 
power between the treated and the untreated sand were not 
great. In general, however, it is apparent that the treatments 
did increase the nitrifying power of the sand. 
The effects of the various treatments varied widely at the . 
different dates. The straw-clover manure No. 1 had the 
greatest effect at the first sampling, both in the 7% and 15-
ton applications. It had a large influence at the later dates 
but was not the highest. At the second and third dates 
the fresh farm manure applied at the rate of 7112 tons had the 
greatest effect; and at the third date it had the largest effect 
in the 15-ton amount. At the fourth sampling the straw-
clover manure No.2, applied at the 15-ton rate, had the 
greatest influence, while at the fifth date the 15 tons of straw 
had the largest effect. At the third date with the 7%-ton 
amounts, the sweet clover had the greatest effect; at the 
fourth date the straw-clover manure No.2 had the largest in-
fluence, and at the fifth date, the fresh manure had the most in-
fluence. 
Considering the results as a whole, therefore, it seems that 
the straw-clover and the sweet clover manures had the most 
TABLE VI. EFFECT OF ARTIFICIAL MANURES AND FARM MANURES 
ON NITRIFICATION IN SAND 
Mgm. NO, - N. per 100 ~ms. 
No. Treatment 
dry sand 
----------
Feb. Feb. Mar. Mar. April 
1 15 1 15 1 
--------
I Check 3 .29 2.20 3.41 5.70 5 . 87 
2 Straw manure -7 7'2 tons per acre 5.50 5 . 00 3 . 18 4 . 30 5.70 
3 Adco manure -7 72 tons per acre , 5 . 70 4 . 35 3 . 95 5.20 5.00 
4 Ammonium sulfate-lime manure-7 ~ tons 
per acre 5.50 4 . 57 4.00 5.00 4 . 00 
5 Straw -clover manure No.1 -7 Y2 tons per acre 8.30 4.85 3.66 7.89 6 . 30 
6 Straw -clover manure No.2 -772 tons per acre· 7 . 65 4.40 4.40 6.40 5.83 
7 Sweet clover manure -7 ~ tons per acre 6.95 3.18 11 . 00 3.60 6 . 50 
8 Farm manure (fresh) 77ll tons per acre 6.86 5 . 15 4 . 75 4.85 6 . 80 
9 Farm manure (well rotted) 77ll tons per acre 4 .86 1.76 4.79 5.83 2 . 90 
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influence on nitrification. The effect of the Adco manure was 
very similar to that of the farm manure, averaging about the 
same over the entire period, and the same was true for the 
ammonium sulfate-lime manure. The average results with 
this latter treatment at all samplings was slightly less, but 
the difference was not large enough to be significant. The 
fresh manure showed an advantage over the well rotted 
manure during the entire period. Apparently the artificial 
manures were generally quite as effective in increasing nitrifica-
tion as was the farm manure. 
The nitrate content of the sand cultures was low at the 
second, third and fifth samplings, but the nitrifying power 
was high at these periods, altho somewhat lower at the second 
date than at the first both with the 15-ton and 7ljz-ton applica-
tions. The nitrifying power was higher, however, at the third 
than at the second sampling and, on the average, higher at the 
fifth than at the fourth dates. These results seem to indicate 
a vigorous nitrate production and an equally active nitrate 
assimilation. 
Yield of Oats. The oats were cut on April 17, just after 
the first heads began to appear. The height of the oats and 
the dry weights in grams per pot are given in table VII. The 
straw manure depressed the growth of the oats from the be-
ginning of the experiment, and the yield with this treatment 
was less than on the untreated pot. All of the artificial 
manures gave larger increases in yield than the farm manures, 
the largest increase being secured with the sweet clover 
manure. The Adco manure and the straw-clover manure No. 
2 also brought about much larger effects than the farm man-
ure, but smaller than the sweet clover. The other artificial 
manures had smaller influences than the Adco and straw-
clover No.2 manures. The fresh manure had a greater influ-
ence on the oats than the well rotted manure. It is particularly 
interesting to note, however, that the artificial manures all 
gave greater increases than the farm manure. 
TABLE VII. EFFECT OF ARTIFICIAL MANURES AND FARM MANURES ON 
OATS GROWN IN SAND 
Height-inches Dry weight 
No. Treatment grams 
Feb. 13 Mar. 13 April 18 
1 Check 12 12 22 39 
2 Straw manure 10 10 18 26 
3 Adco manure 15 16 34 141 
4 Ammonium sulfate - lime manure 16 17 34 112 
5 Straw - clover manure No.1 14 15 30 101 
6 Straw - clover manure No.2 16 18 32 132 
7 Sweet clover manure 17 20 40 208 
8 Farm manure (freBh) 17 18 32 90 
9 Farm manure (well rotted) 16 16 28 59 
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SERIES II. LABORATORY EXPERIMENTS ON NITRATE 
ASSIMILATION IN CARRINGTON LOAM 
In the experiments just described, the nitrate content of 
the sand was frequently noted to be small, while the nitrifying 
power of the cultures was high. It seemed possible that the 
explanation of this condition might be sought in the nitrate 
assimilation process. In order to determine the influence of 
various artificial manures on nitrate assimilation in a typical 
Carrington loam, a laboratory test was planned. The artificial 
manures used consisted of oats straw composted for five 
months in the greenhouse with treatments as follows: 
1. Nothing applied 
2.. 1 % N. as ammonium sulfate + 
5% calcium carbonate 
3. 1% N. as sodium nitrate 
4. 1 % N. as calcium nitrate 
5. ' 1% N. as urea 
6. 1 % N. as calcium cyanamid 
The percentage of total nitrogen in these manures is shown 
in table VIII. Tests with farm manure and straw uncomposted 
were included. 
One hundred gram equivalents of dry soil were weighed 
into tumblers and 0.2 percent of manure added to each. The 
manures were thoroly mixed with the soil and 30 mgm. of 
potassium nitrate added to each, from solution. The moisture 
content of the soils was adjusted to 50 percent of the satura-
tion capacity and the cultures were incubated at 24-26 degrees 
C. for 14 days. Duplicate tests were run without the nitrate 
additions and served as checks. After the incubation, the 
nitrate content of the soils was determined by the phenoldi-
sulfonic acid method. The results are shown in table IX, the 
figures being the averages of the duplicate tests. The amount 
of nitrates assimilated was calculated by subtracting the 
amount present in the nitrate-treated soils after incubation, 
from the amount present in the untreated soil after incubation 
plus that added in the KNOB' This method was followed except 
with the oats straw treatment, where the amount of nitrates pres-
TABLE VIII . ANALYSES OF MANURES AND STRAW TESTED IN GREENHOUSE 
EXPERIMENTS ON CARRINGTON LOAM 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Manure 
Straw manure 
Ammonium sulfate - lime straw manur ) 
Sodium nitrate straw manure 
Calcium nitrate straw manure 
Urea straw manure 
Cyanamid straw manure 
Farm manure 
Oat. straw 
Percentage 
total nitrogen 
0 . 99 
2.08 
2 . 24 
2 . 59 
2 . 32 
3 . 33 
2.10 
0.89 
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TABLE IX. EFFECT OF ARTIFICIAL MANURES, FARM MANURE AND OATS 
STRAW ON NITRATE ASSIMILATION IN CARRINGTON LOAM 
Mgm. NO. -N. per 100 Kms. dry soil 
No. Treatment 
After 14 days Mgm. 
~W.-N. 
Atb ... Soil + assimilat-
ginning Soil 30 mgm. ed in 
alone NO.-N. 14 days 
---
1 Check 2 .83 4.04 32 . 60 1.44 
2 Straw manure 2.83 3 .75 17.38 16 . 37 
3 Ammonium sulfate -lime -straw manure 2.83 3.76 21.70 12 .06 
4 Sodium nitrate -straw manure 2 . 83 3 . 68 19 .29 14 .39 
5 Calcium nitrate -straw manure 2.83 3 .81 24.04 9 .77 
6 Urea -straw manure 2.83 3.66 17 .97 15 .69 
7 Cyanamid -straw manure 2.83 4 . 13 19 .75 14 .38 
8 Farm manure 2 .83 3 .22 18 . 05 15 . 17 
9 Oats straw 2.83 2 . 17 12 .61 20 .22 
ent after incubation in the KNOs-treated soil was subtracted from 
the amount in the soil at the beginning, plus that added in the 
KNOs ' 
The oats straw uncomposted showed the largest assimilation 
of nitrates and the straw manure gave the next largest assimi-
lation. The urea-straw manure was third and the farm manure 
gave a larger assimilation than the other artificial manures. 
The calcium nitrate-straw manure showed the lowest assimila-
tion. It is evident that the artificial manures in general did 
not stimulate nitrate assimilation more in the Carrington loam, 
than did farm manure, and in most cases there was actually a 
smaller assimilation. The effects were much less than those 
brought about by straw or straw manure. Considering the 
well-known beneficial effect of farm manure on Carrington 
loam, it would seem that these artificial manures should not 
be expected to exert any detrimental increase in the nitrate 
assimilation occurring in this soil. 
SERIES III. GREENHOUSE EXPERIMENTS ON CARRINGTON 
LOAM 
In this work, four-gallon pots in the greenhouse were filled 
with virgin Carrington loam, and four of these pots were 
treated with each of the various artificial manures used in the 
previous series. Four pots were left untreated. Farm manure 
was added at the rate of 8 tons per acre and the artificial 
manures and straw were added on an equivalent nitrogen 
basis. Duplicate pots of each treatment were planted to Iogold 
oats on March 19, 1927, and duplicate pots were left fallow. 
The moisture content of all the s'oils was brought up to 50 
percent of the saturation capacity and kept at that point by 
necessary additions to weight. 
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Nitrate ·Production 
The fallow soils were sampled seven times at irregular inter-
vals for nitrate determinations, the phenoldisulfonic acid meth-
od being employed. The results of the average determinations 
and the average content in the soils under the various treat-
ments are given in table X. 
No nitrate was present in the soil at the first sampling where 
the oats straw was used. The farm manure also showed a con-
siderable depression in nitrates. All of the artificial manures 
gave some depression in nitrate content, the straw manure, 
sodium nitrate-straw manure and calcium nitrate-straw man-
ure showing the most effect in this direction, in the order indi-
cated. The other artificial manures had very slig'ht effects. 
At the second sampling, however, the farm manure showed 
a large increase in the nitrate content, and all the artificial 
manures gave increases which were somewhat smaller than 
that brought about by the farm manure. The depression from 
the straw alone persisted at this sampling. The differences 
among the various artificial manures were too small to be 
significant . . 
At the third sampling all the treatments gave an increase 
except the straw alone which still had a depressing effect. At 
this date, however, the farm manure showed less effect than 
any of the artificial manures except the urea-straw manure. 
The ammonium sulfate-straw manure showed the greatest in-
fluence. At the next date the same artificial manure was the 
highest in nitrates, but the farm manure had almost as great 
an effect and was higher than all the other artificial manures. 
The urea-straw manure here had a greater influence than at 
the previous date, being higher than the check. The oats 
straw still showed a depression but not so great. At the fifth 
date, the straw manure had the greatest effect and this with 
TABLE X. EFFECT OF ARTIFICIAL MANURES, FARM MANURE AND OATS 
STRAW ON NITRATE PRODUCTION IN CARRINGTON LOAM 
Pot Treatment --
Mgm. NO.-N. per 100 gms. dry soil 
--------------
No. March April April April April May May Av. 
19 2 9 23 30 14 15 
--------------
I Check 3.07 1.56 1.35 2.46 2 . 62 3.28 4 . 20 2 . 65 
2 Straw manure 2.58 2.42 2.86 3.25 4 . 93 3.70 4 . 15 3.41 
3 Ammonium suliate-
lime -straw manure 3.03 2.28 3 . 49 1 .52 ' 3 . 51 4.38 4.50 3.67 
4 Sodium qitr~te -straw 
manure 2.73 2.16 2 . 99 3 . 65 3.08 3.94 3.70 3 . 17 
5 Calcium nitrate -straw 
manure 2.85 2 . 17 3.12 3.19 4 . 68 3 .70 4.10 3.40 
6 Urea -straw rot-nure 3.01 2.14 1.89 2 . 78 4 . 30 3.92 4.10 3.16 
7 Cyanamid -straw ma-
nure 2 . 98 2 . 33 2.47 3.52 4.15 3.70 4 .85 3.42 
8 Farm manure 1.42 3.51 2.37 4.45 4 . 00 3.87 4 . 15 3 . 39 
9 Oats straw Trace Trace Trace 1.00 1.03 1.80 3.20 1.00 
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two or three other artificial manures had more influence than 
the farm manure. In some cases the differehces were not large. 
All the artificial manures increased the nitrate content. The 
oats straw continued to depress the nitrates. 
On May 14, while all the artificial manures increased the 
nitrate content, the effects were not hearly so pronounced. 
The ammonium sulfate-straw manure had the greatest influ-
ence. The effect of the farm manure was similar to that of 
the artificial manures. The depression from the oats straw was 
less than at the preceding dates. At the last date the treatments 
showed little effect, except in the case of the oats straw which 
was still lower in nitrate content than the check. The cyan-
amid-straw manure showed an increase, and the sodium nitrate-
straw manure slightly depressed the nitrate production. 
The average results for the treatments show that the arti-
ficial manures and the farm manure had very similar effects 
on the nitrate content of this soil, and all gave definite in-
creases. Oats straw uncomposted gave a decrease. The dif-
ferences among the various manures were hardly great enough 
to be significant, but it is clear that the effects were very 
much the same from the artificial manures as from farm man-
ure. 
Nitrification 
The nitrifying power of the soils was determined at three 
samplings, in March, May and June. The method suggested by 
Waksman (16) was followed in part. One hundred gram equiv-
alents of dry soil were weighed out in tumblers, duplicate 
portions being left untreated, and two other duplicates treated 
with 31.2 mgm. nitrogen in the form of ammonium sulfate and 
210 mgm. of calcium carbonate. The moisture cOhtent was 
brought up to 50 percent of the saturation capacity, and the 
cultures were incubated for four weeks at 24-26 degrees C. 
After incubation the nitrates were determined colorimetrically. 
The results are given in table XI. 
In the soil alone, the farm manure had the greatest effect at 
the first sampling. All the artificial manures increased the 
nitrifying power of the soil, but there was little difference 
between the effects of the various materials. The oats straw 
depressed the process. At the second sampling the cyan-
amid-straw manure had a slightly greater effect than the farm 
manure and showed the largest influence of all. All the .other 
artificial manures increased the nitrification but to a lesser 
extent. The calcium nitrate-straw manure had the least ih-
fluence. At this date the oats straw showed only a slight de-
pression. At the third date there was a still further increase 
~n nitrif!cati(:m in all the soils, l;mt not quite so large a gain 
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TABLE XI. EFFECT OF ARTIFICIAL MANURES, FARM MANURE AND OATS 
STRAW ON THE NITRIFYING POWER OF CARRINGTON LOAM 
Mgm. NO. -N. per 100 gms. dry soil 
Pot Treatment Soil alone • Soil + 31.2 mgm. N . as 
No. (NH.),SO, +210 mgm. CaCO. 
------
March May June March May June 
---
I Check 1.56 3.43 5.76 28.50 30.90 22.50 
2 Straw manure 2.42 4 .50 6.00 31.30 36.30 28.35 
3 Ammonium sulfate - 2.28 4.64 5.67 31.55 31.90 32.00 
lime -straw manure 
4 Sodium nitrate -straw 
manure 2.16 4 .79 6.00 32.25 34.90 28.75 
5 Calcium nitrate-
straw manure 2.17 3.85 5.56 31.42 29.10 36.32 
6 Urea -straw manure 2 . 14 4.28 6.20 29.90 35.70 30.25 
7 Cyanamid -straw ma-
nure 2.33 5.55 5.94 22.10 33.15 26.10 
8 Farm manure 3.51 5.33 5.90 35.30 35.30 26 . 45 
9 Oats straw Trace 2.83 5.56 26.55 29.30 29.00 
as was noted at the second sampling over the first. All the 
manures showed slight increases in nitrifying power of the 
soils, but the differences were not so great as at the earlier 
dates. The urea-straw manure showed the greatest influence, 
and the calcium nitrate-straw manure and ammonium sulfate-
lime-straw manure had the least effect. There was still a 
slight depression where the straw was used. 
When the nitrifying power was determined, using ammonium 
sulfate and calcium carbonate, the farm manure again showed 
the greatest stimulation at the first sampling. However, the 
difference from the effects of some of the artificial manures 
was not so great as noted in the soil alone. All the treatments 
with manures slightly increased the nitrification process. 
The straw alone depressed the process. At the second sampling 
the straw manure had the largest effect, but the farmyard man-
ure and the urea-straw manure had only slightly less effects. 
The calcium nitrate-straw manure and the straw alone slightly 
depressed nitrification, but all the other -treatments increased it. 
At the third date the calcium nitrate-straw manure had the 
largest influence, and the farm manure had the least effect 
of any of the manures. The straw alone at this date increased 
the nitrifying power. All the manures had a distinct stimula-
tive effect on nitrification. 
The results, as a whole, indicate that while some of these 
artificial manures did not have quite so large an effect as farm 
manure when first applied, after a short time the stimulative 
effect on nitrification was greater. All the manures definitely 
increased the nitrifying power of the soil. While the results 
do not permit of a conclusion regarding the relative effects 
of the various materials, it seems that the cyanamid-straw 
manure was somewhat slower in stimulating the nitrification 
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process. The use of oats straw, uncomposted, depressed nitrifi-
cation for a long period after application. The soil recovered, 
according to this test, and eventually an increase occurred. 
Nitrate Assimilation 
It has been !lhown in a number of experiments that oats straw, 
'artificial manures and even farm manure may induce a vigorous 
nitrate assimilation in the soil. It has also been indicated that 
soils may vary in their nitrate-assimilating power. In connec-
tion with the studies of the influence of various artificial manures 
on . Carrington loa:m in the greenhouse, it seemed desirable to 
determine the effects on the nitrate assimilation in this soil. 
Samples were drawn from the pots on two dates in May and 
June and the nitrate-assimilating power determined as described 
in previous pages. The results are given in table XII. 
At the first sampling the farm manure showed less effect than 
any of the artificial manures, and it had a lower nitrate-assim-
ilating power than the check soil. The calcium nitrate-straw 
manure depressed the nitrate assimilation and the straw alone 
also brought about a depression. Both of these decreases were 
greater than that occasioned by the farm manure. The in-
creases brought about by the artificial manures were not large. 
At the second sampling the cyanamid-straw manure and three 
of the other artificial manures slightly stimulated nitrate assimi-
lation, but the oats straw, the farm manure and the sodium 
nitrate-straw manure and calcium nitrate-straw manure de-
pressed the assimilation. 
The results as a whole are not very definite, but they do 
show that some of the artificial manures stimulated nitrate as-
similation in this soil, and the effects were generally greater than 
those occasioned by farm manure. It is rather surprising that 
the oats straw should have depressed the nitrate-assimilating 
TABLE XII. EFFECT OF ARTIFICIAL MANURES. FARM MANURE AND OATS 
STRAW ON THE NITRATE ASSIMILATING POWER OF CARRINGTON LOAM 
Mgm. NO. - N . per 100 gms. dry soil 
Pot Treatment Soil + 11.1 Mgm. NO.-N. 
No. Soil alone mgm. NO.-N. assimila ted 
------
May June May June May June 
-- ---
I Check 3 .4 4 .5 11. 9 14.7 2.6 0 .9 
2 Straw manure 4.5 4 .9 12.6 14 . 0 3.0 2 . 0 
3 Ammonium .ulfate-
lime straw manure 4 .6 5.0 13 .2 15.1 2.5 1.0 
4 Sodium nitrate -straw 
manure 4.8 3.6 12 . 5 15 . 1 3 . 4 -0 . 4 
5 Calcium nitrate-
straw manure 3 . 6 4.8 13 .4 15.8 1.3 0.1 
6 Urea-straw manure 4.2 4 . 1 12 .3 14 . 1 3.0 1.1 
7 Cyanamid -straw ma-
nure 5.1 6.2 12.7 15.5 3.5 1.8 
8 Farm manure 5.3 4.7 14 .5 16.3 1.9 -0.5 
9 Oats straw 2.8 4.0 12.3 15.9 1.6 -0.8 
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TABLE XIII. EFFECT OF ARTIFICIAL MANURES, FARM MANURE AND OAT!:; 
STRAW ON THE YIELD AND NITROGEN CONTENT OF OATS ON 
CARRINGTON LOAM 
Height Yield Percentage 
of oats nitrogen 
Pot Treatment June 14 ------------
No. --- Grain Straw 
inches ------ Grain Straw 
grams grams 
------------
1 Check 30 13 . 5 13.3 3.20 3.22 
2 Straw manure 25 10.9 8.3 3.22 2 . 69 
3 Ammonium sulfate -Iim .... straw 
manure 24 7 .7 8 .3 2.95 3.44 
4 Sodium nitrate -straw manure 26 8.5 8.0 4.08 2.72 
5 Calcium nitrate -straw manure 27 12.2 9.0 3.58 2.52 
6 Urea -straw manure 26 14.8 10.0 3.10 2.24 
7 Cyanamid -straw manure 27 11.2 13.0 3 . 12 3.30 
8 Farm manure 29 12.1 13.5 3.22 2.68 
9 Oat. straw 32 13.7 12 .8 2 . 60 1.38 
power of the soil, in view of the generally accepted idea that 
straw stimulates assimilation. Perhaps the test would have 
shown different results had it been carried over a longer period. 
The Yield of Oats 
The oats were harvested on June 14. The height of the crop 
and the yield and percentage of nitrogen in the straw and grain 
are given in table XIII. 
The height of the oats was greater on the soil receiving the 
oats straw, but the difference was not very great. In several 
cases the artificial manures seemed to depress the growth of 
the crop, as indicated by its height. The yields secured also 
indicate that the various treatments had a depressing effect. 
The oats straw was the only material which did not depress 
the grain yield. The ammonium sulfate-straw manure had the 
greatest depressing effect, and the sodium nitrate-straw manure 
also had a large depressing influence. The straw yields were 
also decreased in most instances. The nitrogen content of the 
grain was increased by the sodium nitrate. straw manure and 
the calcium nitrate-straw manure, but the other manures had 
no effect. The oats straw decreased the nitrogen content. The 
nitrogen content of the straw was also decreased considerably 
by the straw treatment. In all but two cases the artificial man-
ures depressed the nitrogen content of the straw, and farm 
manure also brought about a decrease. These results indicate 
that the effects of these artificial manures were very similar to 
those occasioned by farm manure. 
SERIES IV. FIELD EXPERIMENTS ON WEBSTER LOAM-1926. 
To study the influence of various artificial manures and 
farm manure on certain bacterial activities and on crop yields, 
an experiment was carried out in the field on Webster loam. 
Seventeen plots, 7 feet wide and 90 feet long, were laid out and 
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TABLE XIV. OUTLINE OF TREATMENTS WITH ARTIFICIAL MANURES AND 
FARM MANURE ON WEBSTER LOAM-1926-1927-FIELD EXPERIMENT 
Plot 
N o. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Manure 
Check ' 
Farm manure 
Farm manure + 2.80 lbs. rock phosphate 
Adeo manure 
Check 
Straw - clover manure No. 1 
Straw - clover manure No. 1 + 3.13 lbs. rock phosphate 
Adeo manure 
Check 
Straw - clover manure No. 2 
Straw - clover manure No. 2 + 2.97 lbs. rock phosphate 
Adeo manure 
Check 
Sweet clover manure 
Straw - clover manure No.1 
Straw - clover manure No. 2 
Check 
Lbs. manure 
applied per plot-
equivalent to 8 
tons per acre of 
farm manure 
231 
231 
203 
203 
203 
203 
203 
203 
203 
203 
203 
203 
treated April 21 with farm manure or with various artificial 
manures. The manures were all applied at the rate of 8 tons 
per acre and disced in. Plots 3, 7 and 11 also received treat-
ments with rock phosphate, the amount applied supplying an 
equivalent amount of phosphorus to that contained in the Adco 
manure. The outline of the treatments of the plots is given in 
table XIV. On May 20, corn was planted, Reid Yellow Dent 
being employed. The crop increases are calculated by the inter-
polation method. 
Numbers of Organisms 
Plots 1, 2, 3, 4, 6 and 10 were selected for bacteriological 
studies. Samples were drawn from these plots on June 6, July 
17, Aug. 13, Sept. 27 and Oct. 14, and counts made of the 
numbers of bacteria, molds and actinomycetes present. Fifty 
grams of soil were placed in 500 cc. of tap water which had 
been sterilized in one-liter Erlenmeyer flasks. The infusion was 
shaken and dilutions made in the usual way. One cc. of a 1-1000 
dilution was plated on '\Vaksman and Fred's (17) medium and 
incubated for three days at 25 degrees C. for mold counts. One 
cc. of a 1-100,000 dilution was plated on Brown's (2) egg al-
bumen agar and incubated at 25 degrees C. for seven days for 
the counts of bacteria and actinomycetes. The results are shown 
in table XV. 
At the first sampling the numbers of molds were lower in all 
the treated soils than in the check. The lowest count was ob-
tained on the Adco manure plot. At the second date the farm 
manure-phosphate and Adco manure treated soils were about 
equal and both higher than the check. The other treatments 
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lowered the mold count. At the third sampling the farm man-
ure and the straw-clover manure No. 2 increased the molds 
to about the same extent. The straw-clover manure No.1 gave 
a slight depression, and the other treatments showed small 
gains. At the fourth date all the treatments except the Adco 
manure increased the molds, the farm manure showing the 
greatest influence, followed by the straw-clover manure No.2. 
The other manures had less effect. At the fifth sampling the 
straw-clover manure No. 2 had the greatest infl1,lence-much 
greater than any of the other treatments. The farm manure-
rock phosphate treatment gave a small decrease, but all the 
other manures showed an increase. The average figures for 
the five samplings showed increases in molds only for the 
farm manure and the straw-clover manure No.2. The other 
treatments all gave slight depressions. 
The number of bacteria was higher in all the treated soils 
than in the untreated at the first sampling, the farm manure 
treated soil showing the largest number. The straw-clover 
manure No. 2 was second in effect and the other manures all 
had similar effects. At the second sampling the farm manure-
phosphate treatment gave a very large increase and the straw-
clover manure No. 2 also showed a large effect. The farm 
manure had a small effect and the Adco manure and straw-
clover manure No. 1 showed a small decrease. At the third 
date the treatments all showed an increase, except the straw-
clover manure No.2, which was the same as the check. The 
farm manure had the greatest effect. At the fourth sampling 
the treatments again all showed an increase except the Adco 
manure. Here the farm manure-phosphate treatment had the 
greatest influence. At the last date, the manures all depressed 
the numbers, except the farm manure-phosphate which gave 
the same results as the check. The average figures show that 
all the manures except the Adco manure increased the numbers 
of bacteria, the farm manure-phosphate treatment having the 
greatest influence. The farm manure alone and the straw-
clover manure No.2 had similar effects. 
The numbers of actinomycetes in the soil were much smaller 
at the first sampling than at the later dates. All the treatments 
except the farm manure increased the numbers considerably at 
the first date, the straw-clover manure No.2 having the largest 
effect. At the second sampling the farm manure albne and with 
the phosphate brought about increases, while the other treat-
ments had no effect or gave small decreases. At the third 
date the results were similar to those at the second sampling-
the farm manure had the largest influence, and the farm 
manure with phosphate had a smaller effect. The straw-clover 
manure No. 2 gave a small increase at this date. At the fourth 
TABLE XV. EFFECT OF ARTIFICIAL MANURES AND FARM MANURE ON THE NUMBER OF ORGANISMS IN WEBSTER LOAM-1926 
Number of molds per gram of dry N umber of bacteria per gram of dry I Number of actinomycetes per gram of Plot Treatment soil - thousands soil-millions dry soil- millions 
No. ------------------ - -----------------------------------
June July Aug. Sept. Oct. Av. June July Aug. Sept. Oct. Av. June July Aug. Sept. Oct. Av. 
--------------------------- --------- --------------
I Check 53.0 29.8 20.6 27.8 18.8 30.0 6.10 8.70 10.10 8.90 11 . 20 9.0 0.59 2.70 2.96 2.86 2.80 2.38 
2 Farm ma.nure 45.0 23.7 30.0 48.3 23.8 34.2 8.25 9.90 12.30 11.40 9.30 10 .23 0.59 3.50 4 .50 3 . 20 2.90 2.94 
3 Farm manure 
+rock 
phosphate 32.3 34.8 21.0 34.8 17 .0 27.9 7 .20 32.70 11.70 12.80 11.20 15 . 12 0.70 4.00 3 .60 2.90 2.60 2.76 
4 Adco manure 28.1 34.4 23.3 26 .8 23.2 27.2 7 .05 8.20 10.60 8.20 8.60 8.53 0.75 2.30 3.00 3 . 20 2.60 2.37 
6 Straw - clov-
ver manure 
No. 1 43.5 23.0 19.5 32.4 20 .3 27.7 7.15 8.40 12.00 9.00 10 . 20 9 . 35 0.75 2.70 2 .70 3.00 2.60 2.35 
10 Straw - clov-
ver manure 
No.2 36.3 29.7 29.5 41.2 38.0 34.9 7.80 14.00 10.10 10.50 8.PO 10 .24 0.94 2.20 3.20 3.60 2 .30 2.45 
~ 
f-l 
00 
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sampling all the treatments brought about increases which, how-
ever, in some cases were small. The straw-clover manure No.2 
had the greatest effect. At the last date the farm manure was 
the only material which gave an increase, all the other treat-
ments bringing about a decrease in actinomycetes. The aver-
ages show increases in the numbers of these organisms for all 
the treatments except for the straw-clover manure No. l. 
In general it appears that the farm manure increased the 
numbers of molds, bacteria and actinomycetes in th'is soil. 
When the phosphate was applied with the manure there was a 
decrea~e in molds, but the numbers of bacteria were much in-
cr\lased, a gain being noted over the farm manure alone. The 
phosphate did not increase the number of actinomycetes. The 
Adco manure decreased the molds and bacteria and had no 
effect on the actinomycetes. The straw-clover manure No. 1 
decreased the molds, increased the bacteria slightly and had 
no effect on the actinomycetes. The straw-clover manure No.2 
had a very different effect. It increased the molds as much as 
the farm manure, showed an increase in bacteria second to 
manure, and gave a slight increase in actinomycetes. This man-
ure had quite similar effects to farm manure on the microor-
ganisms in this soil. 
N1:trate Production 
The nitrate content of the soils was determined at four sampl-
ings, in June, July, August and September, using the colori-
metric method. The results are given in table XVI. 
The accumulation of nitrates in the field soils was low under 
all the treatments at the various samplings but was generally 
higher in the treated than in the untreated soils, except at the 
last date. Several rather considerable increases ' were found 
at the first date and at the third sampling. At the last sampl-
ing the nitrates were lower under the treatments than in the 
check soil. 
Nitrification 
The nitrifying power of the soils was determined at the 
September sampling by the method already described. The 
TABLE XVI. EFFECT OF ARTIFICIAL MANURES AND FARM MANURE ON 
NITRATE PRODUCTION IN WEBSTER LOAM-192 
Plot Mgm. NO, -N. per 100 gms. dry soil 
No. Treatment 
June July Aug. Sept. 
1 Check 0.41 0 .24 0 .36 0 .40 
2 Farm ma.nure 0 .67 - 0 .39 0 . 10 
3 Farm manure + rock phosphate 0 .63 0.37 0 .73 0 . 12 
4 Adco manure 0 .57 - 1.13 0 .20 
6 Straw - clover manure No. 1 0 .62 0.40 0 . 63 0 .09 
10 Straw - cl0ver manure No.2 0 . 52 0.08 0 . 92 0 . 10 
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reaction of the soils was measured by the quinhydrone method. 
The results secured are given in table XVII. 
The reaction of all the soils was about the same, varying from 
pH 7.10 to 7.40, thus providing conditions which should be 
optimum for nitrification to occur. 
In the nitrification tests, using the soil alone, the check soil 
showed the highest nitrifying power. All the treatments re-
duced the nitrification, the Adco manure having the least effect. 
With the ammonium sulfate all the treatments except the farm 
manure-phosphate increased the nitrifying power of the soil. 
The straw-clover manure No.2 gave the greatest effect and this 
was followed by the Adco manure. The other treatments were 
less effective. The farm manure-phosphate treatment brought 
about a decrease in nitrification. When the test was carried 
out using ammonium sulfate and calcium carbonate a much 
greater nitrification occurred in all cases, but the relations 
among the various soils were quite similar. The straw-dover 
manure No.2 had the greatest stimulative effect and the Adco 
manure was second just as in the previous test. In this case, 
however, the farm manure-phosphate treatment brought about 
an increase in nitrification, while in the previous test a decrease 
was noted. The straw-clover manure No.1 and the farm manure 
both brought about increases, but they were not large. It ap-
pears from these results that the various artificial manures, in 
general, brought about increases in the nitrifying power of the 
soil, giving as great or even greater effects in this connection 
than farm manure. 
The Yield of Corn 
The corn was harvested on the plots early in October. The 
total yield of corn on each plot was weighed and the yield 
recorded in bushels per acre, allowing 80 pounds per bushel. 
The results are given in table XVIII, the increases being cal-
culated by the interpolation method. 
TABLE XVII. EFFECT OF ARTIFICIAL MANURE AND FARM MANURE ON 
THE NITRIFYING POWER OF WEBSTER LOAM-1926 
Mgm. NO,-N. per 100 gms. 
dry soil 
Plot Treatment pH Soil + 30.2 Soil + 30.2 
N o. mgm. N. as mgm. N. as 
Soil alone (NH.J,SO. (NH.J,SO. 
+210 mgm 
CaCO, 
1 Check 7.30 0.82 0.88 2.20 
2 Farm manure 7.20 0.39 0.91 2.34 
3 Farm manure + rock phosphate 7.10 0 .36 0.56 2.59 
4 Adco manure 7.40 0.71 1. 70 3.07 
6 Straw - clover manure No.1 7.30 0.39 1.04 2 . 28 
10 Straw - clover manure No.2 7 . 40 0.28 1.80 3.45 
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:'fABLE XVIII. EFFECT OF ARTIFICIAL MANURES AND FARM MANURE ON 
THE YIELD OF CORN ON WEBSTER LOAM-1926 
'Treatment 
Bu. per Increase 
Plot Lbs. per acre over 
N o. plot (80Ibs. check 
per bu.) (Bu. per 
acre) 
------
I Check 90 77.8 -
2 Farm manure 120 103.5 24 . 8 
3 Farm manure + rock phosphate 102 87.8 8.3 
4 Adeo manure 104 90.0 9.6 
5 Check 94 81.3 -
6 Straw - clover manure No.1 98 84.5 4.1 
7 Straw - clover manure No. 1 + rock phosphate 103 89.0 9.5 
8 Arleo manure 93 80.3 1.6 
9 Check 90 77.8 -
10 Straw - clover manure No.2 105 90.6 13.6 
11 Straw - clover manure No. 2 + rock phosphate 107 92.2 16 . 1 
12 Arleo manure ~K 83.0 7 . 7 13 Check 74.5 -
14 Sweet clover manure 105 90.6 13 .8 
15 Straw - clover manure No.1 94 81.3 2.3 
16 Straw - clover manure No.2 94 R1.3 0.0 
17 Check 97 83.5 -
All the manures brought about an increase in the yield 
of corn except the s~raw-clover manure No. 2 in plot ] 6. This 
same manure, however, on plot 10 gave an increase of 13.6 
bushels over the check. The farm manure alone had the largest 
influence, but the yield on t.his plot was evidently somewhat 
abnormal as the farm manure and rock phosphate showed much 
less ·effect.. The Adco manure had more influence than the farm 
manure-phosphate treatment . . Tile straw-clover manure No. 1 
had more effect when rock phosphate was applied with it, and 
the same ,vas true of the straw-clover manure No.2. The lat-
ter, however, when used alone had much more influence than 
the straw-clover manure No.1, taking the results on plot 10. 
When plot 16 is considered, however, there was no effect from 
this manure. The yield on plot 16 was evidently abnormal and 
the high yield on plot 17 was also certainly somewhat out of 
line. In general the results show that the artificial manures 
increased the corn yield. Unfortunately the high yield with 
farm manure alone prevent!;? very definite comparisons with 
that material but using the plot receiving the farm manure 
and phosphate for the comparison, it would seem that the 
influence of the artificial manures was as good or better than 
farm manure. 
SERIES V. FIELD EXPERIMENTS ON WEBSTER LOAM-1927. 
The manures tested in 1927 were produced in the open ac-
cording to the procedure followed in the previous experiments. 
The manures were analyzed for total nitrogen and total phos-
phQrus and the results of these analyses are given in table XIX. 
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TABLE XIX. ANALYSES OF MANURES TESTED IN FIELD EXPERIMENT6-1927 
No. Manure Percentage Percentage 
total nitrogen phosphorus 
1 Straw manure - - -
2 Adco manure 1.92 0.470 
3 Straw - clover manure No.1 1.92 0.130 
4 Straw - clover manure No.2 2.00 0 . 167 
5 Sweet clover manure 1.88 0 . 126 
0 Farm manure 1. 71 0.343 
The same experiment field was used, as in 1926, the same 
treatments were applied to the same plots, and similar studies 
were made thruout the season. 
Numbers of Organisms 
Samples were drawn in June, July, August and September 
for determinations of the numbers of molds and in June and 
August for determinations of the numbers of bacteria and actin-
omycetes, the same media and technique being employed I1S in 
1926. The results are given in table XX. 
At the flrst sampling the farm manure and phosphate was 
the only treatment which gave an increase over the check in 
numbers of molds, a rather large increase being secured. The 
other treatments gave small decreases, except the straw-clover 
manure No.2 which showed a considerable decrease. At the 
second date all the treatments gave large increases, the farm 
manure alone having the least effect. At the third sampling the 
farm manure alone was the only treatment which showed a large 
gain. The farm manure and phosphate also showed an increase. 
The other treatments brought about decreases. At the fourth 
date the numbers of molds were very low in all the soils and 
the farm manure was the only treatment which, gave an increase. 
The average figurel'! show increases for all the manures, the great-
est effect being brought about by the farm manure and phos-
phate, the farm manure alone standing second. The other 
manures had similar effects, the straw-clover manure No.2 being 
slightly lower than the other materials. 
The numbers of bacteria were increased by the farm manure-
rock phosphate treatment and by the straw-clover manure No 
1 at the first sampling, but the other treatments gave decreases. 
The farm manure alone had no effect. At the second date all 
the treatments increased the numbers of bacteria, but the total 
numbers were low in all the soils. Again the farm manure 
with the rock phosphate gave the greatest effect. The average 
results show the largest influence from this treatment, the 
straw-clover manure No. 1 standing second and the farm man-
ure alone third. 
TABLE XX. EFFECT OF ARTIFICIAL MANURES AND FARM MANURE ON THE NUMBER OF ORGANISMS IN WEBSTER LOAM-1927 
Number of bacteria per Number of actinomyret ... 
Plot Number of molds per gram dry soil gram of dry soil per gram of dry soil 
No. Treatment (J;housands) (millions) (thoWlands) 
---------------------------------
,Tune July Aug. Sept. Av. June Aug. Av. June Aug. Av. 
._--
------------------------------
I Check 63.2 5.3 20 . 3 5.3 23 . 5 15.7 0 . 9 8.3 573 565 SS9 
2 Farm manure 58 . 8 33.6 37 .6 'l . 1 34.5 J5 .0 2.3 8 . 6 707 700 703 
3 Farm manure + rock 85.0 44 .2 29 . 1 1.3 39 . 9 17 .9 3 .0 10.4 '422 485 453 
phosphate 
4 Adco manure 56.9 40 . 7 18.2 2 . 1 29.5 12 . 4 1.3 6.8 634 485 559 
6 Straw-clover manure No. ] 61.2 40 .0 16 . 4 2 . 1 29 . 9 16 .6 2.6 9 .6 833 841 837 
10 Straw-clover manure No.2 44 . 8 44.0 9.2 4.9 25 . 7 12 . 0 1.0 6 . 5 723 166 444 
t-:) 
t-:) 
C>:) 
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At the first sampling the numbers of actinomycetes were in-
creased by all the treatments except the farm manure-phosphate 
addition. The straw-clover manure No.1 showed the greatest 
effect. At the second date, there were increases from the straw-
clover manure No.1 and the farm manure alone, the former 
having the greatest effect. The straw-clover manure No.2 gave 
a decrease, and the other manures showed small decreases. The 
average figures show increases for the farm manure and the 
straw-clover manure No.2 but not for the other manures. 
Nitrate Production 
The nitrate content of the soils was determined at the four 
samplings by the colorimetric method. The results are given 
in table XXI. 
At the first date, the farm manure alone and with the phos-
phate and the straw-clover manure No.2 brought about increases, 
the farm manure alone having the greatest effect. The 
other treatments did not increase the nitrate content of the 
soil. At the second date the farm manure alone and the straw-
clover manure No.2 gave increases, but the other treatments 
did not. Here the farm manure had the most influence. At the 
third date all the treatments except the straw-clover manure No. 
2 brought about increases, the straw-clover manure No.1 having 
the greatest effect, followed by the farm manure and phosphate 
and then by the farm manure alone. At the last date the 
amounts of nitrates present in all the soils were very small, and 
the differences between them are too small to be significant. 
As a whole the results indicate that the farm manure generally 
had more effect than the artificial manures in increasing the 
nitrate content of the soil. The straw-clover manure No.2, 
however, had an appreciable beneficial influence. 
Nitrification 
The nitrifying power of the soils was determined at the var-
ious samplings, using the same methods employed the previous 
year. The results are given in table XXII. 
TABLE XXI. EFFECT OF ARTIFICIAL MANURES AND FARM MANURE ON 
NITRATE PRODUCTION IN WEBSTER LOAM-1927 
Plot Mgm. NO, - N . per 100 gmB. dry Boil 
No. Treatment 
June July Aug. Sept. 
1 Check 0 . 87 0.81 0.87 0.17 
2 Farm manure 1.28 1.56 1.20 0 . 13 
3 Farm manure + rock phosphate 1.07 0 . 55 1.65 0.12 
4 Adco manure 0 . 62 0 .63 0.92 0.10 
6 Straw - clover manure No. 1 0 .93 0.72 1.96 0 . 18 
10 Straw - clover manure No. 2 0 .78 1.02 0.83 0 . 10 
TABLE XXII. EFFECT OF ARTIFICIAL MANURES AND FARM MANURE ON THE NITRIFYING POWER OF WEBSTER LOAM-1927 
Plot 
No. 
I 
2 
3 
4 
6 
10 
Treatment 
Check 
Ft\rm manure 
Farm manure + rock phos-
Alc~a::anure 
Straw -clover manure No. I 
Straw -clover manure No.2 
Mgm. NO. -N. per 100 gms. dry soil 
-------.-------\ Soil + 30.2 mgm. N. as (NH·),S-0-.----S-o-il-+-3-0-.-2-m-gm-.-N-.-a-.-
Soil alone (NH') ,SO, + 210 mgm. CaCO. 
---.---1---,---'---,---.---,---,---,---,---,---
June July Aug. Sept. June July Aug. Sept. June July Aug. Sept. 
-------
0.94 0.40 0.52 0.21 4.00 2.35 2.35 1.87 13.22 3.33 3.15 3.00 
1.22 0.74 0.54 0.21 3 .81 2.67 2.72 2.00 13.54 3.33 3.00 2.00 
1.18 0.43 0.54 0 . 25 5.02 1.95 3.00 2 .02 14 .32 3.20 3.33 2.50 
0.99 0.38 0.50 0.23 3.64 2 . 22 2.61 1.87 16 .80 2.97 3.33 2.00 
1.29 0 .36 0.63 0.30 5.53 2.90 2.57 2 . 50 18.65 2.55 3.33 2.12 
1.20 0.68 0.60 0.32 4.63 2.27 2.8.5 2 . 12 14 .10 2.90 4.00 2 . 12 
t-:) 
l~ 
01 
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"When the soil was incubated alone at the first sampling all 
the treatments gave an increase in nitrification, the straw-clover 
manures and the farm manure having similar effects. At the 
second date there was an increase from the farm manure alone 
and from the straw-clover manure No. 2, but the other treat-
ments showed little or no effects. At the third date the two 
straw-clover manures gave increases, but the other treatments 
had slight effects. At the fourth sampling the results were very 
much the same. 
When the tests were made using ammonium sulfate, the farm 
manure with rock phosphate and the straw-clover manure 
brought about increases. The other treatments had some depress-
ing effect. The straw-clover manure No.1 had more effect than 
the farm manure or the straw-clover manure No.2. At the sec-
ond date, t~e straw-clover manure No.1 and the farm manure 
gave increases, the former having the most influence. The other 
treatments had slight depressing effects. At the third. date all 
the treatments showed increases, the farm manure with rock 
phosphate having the most influence. The effects of the other 
treatments were similar. At the fourth sampling there were in-
creases from all but the Adco manure, the straw-clover manure 
No. 2 having the greatest effect. 
When the test was made using ammonium sulfate and calcium 
carbonate all the treatments gave increases at the first date, the 
straw-clover manure No.1 having much the greatest influence. 
This was followed by the Adco manure. The other treatment.s 
had less effect. At the second date none of the treatments gave 
increases and one or two produced slight decreases. At the third 
sampling the straw-clover manure No.2 was the only treatment 
which gave an appreciable increase. The other treatments gave 
small increases or slight decreases. At the fourth date all of the 
treatments gave decreases in nitrification. 
In general it appears from these results that the artificial ma-
nures used had very similar effects to farm manure on nitrifica-
tion. In some cases the latter material gave greater effects, but 
in other instances some of the artificial manures had quite as 
large an influence. There seems to be no evidence of any depres- . 
sion in nitrification resulting from the use of these artificial ma-
nures, or at least no greater depression than was shown by the 
farm manure. 
The Yield of Corn 
The corn was harvested in October, the results in bushels per 
acre calculated on the basis of 80 pounds per bushel and the in-
creases determined. The results are shown in table XXIII. 
Farm manure produced the largest increase in the yield of 
corn in 1927 just as it did in 1926 on plot 2. The difference from 
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TABLE XXIII. EFFECT OF ARTIFICIAL AND FARM MANURES ON THE YIELD 
OF CORN ON WEBSTER LOAM-1927 
Bu. per Increase 
Plot Treatment Lbs. per acre over 
No. plot (80 lbs. 
per bu.) 
check 
------
I Check 70.2 60.6 -
2 Farm manure 101.0 95 .. 5 36.8 
3 Farm manure + rock phosphate 90.0 78.0 21.2 
4 Adco manure 80.0 69.2 14.3 
5 Check 61.4 53.0 -
6 Straw - clover manure No. 1 77 .2 66.5 15.2 
7 Straw - clover manure No.1 + rock phosphate 75 . 2 64.8 15.2 
8 Adco manure 74.2 64.0 16.1 
9 Check ~3.6 46.2 -
10 Straw - clover manure No.2 89.3 76.8 31.2 
11 Straw - clover manure No.2 + rock phosphate 71. 5 61. 5 16.5 
12 Adeo manure 70.1 60.5 16.1 
13 Check 50.6 43.8 -
14 Sweet clover manure 75.1 65.0 16.8 
15 Straw - clover manure No.1 74.2 64.0 11.4 
16 Staw - clover manure No.2 72 . 0 62.4 5.4 
17 Check 71. 5 61.5 -
the yield on plot 3 was not so great, however, as in 1926. The 
straw-clover manure No.2 had almost as large an influence as 
the farm manure alone, but when the rock phosphate was added 
with the straw-clover manure there was no further increase, in 
fact the yield was lower, indicating some natural variation in the 
fertility of these two plots. All the manures increased the yields, 
but the farm manure had somewhat greater effects, on the aver-
age, than the artificial manures. However, the beneficial in-
fluence of the artificial manures rs quite definitely shown. 
SERIES VI. FIELD EXPERIMENTS ON CARRINGTON LOAM-I92S 
A field experiment was carried out in 1928 on an area of typi-
cal Carrington loam, 12 plots being laid out and treated as shpwn 
in table XXIV. The farm manure was applied on May 8 at the 
rate of 8 tons per acre and the artificial manures on an equiva-
lent nitrogen basis. The oats straw was applied at the rate of 2 
tons per acre. The nitrogen content of the manures used and of 
the oats straw was determined and the results are shown in table 
XXV. The manures were produced in the open as in previous 
years. Reid Y'ellow Dent corn was planted on May 14. 
Nit1"ate Production 
Samples were drawn from plots 1, 2, 3, 4, 5, 11 and 12 on 11 
dates during the season and tested for nitrate content by the 
colorimetric method. The results are shown in table XXVI. 
At the first sampling the soil treated with farm manure showed 
the highest nitrate content. The straw-clover manure No.1 and 
the oats straw increased the nitrates, but the other artificial ma-
nures gave slight decreases or small increases in the nitrate con-
tent. At the second date, the nitrate content was lower in all the 
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TABLE XXIV. OUTLINE OF FIELD EXPERIMENT WITH ARTIFICIAL MANURES 
FARM MANURE AND OATS STRAW ON CARRINGTON LOAM-1928 
Plot No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Check 
Farm manure 
Adeo manure 
Treatment 
Ammonium sulfate - phosphate - lime - straw manure 
Straw - clover manure No.1 
Straw - clover manure No.2 
Straw - clover ~ ammonium sulfate - lime manure 
Check 
Straw - clover - Adco manure 
Straw manure 
Oats straw 
Corn stalk manure 
treated soils than in the check. The Adco manure showed the 
least depression and the oats straw had the largest effect. Some 
of the artificial manures had less effect than the farm manure. 
At the third sampling the Adco manure increased the nitrate 
content, but all the other manures gave slight depressions, the 
corn stalk manure having the greatest depressing effect. At the 
fourth date all the treatments except the oats straw brought 
about small increases in nitrates, the corn stalk manure having 
the largest effect. At the fifth date the corn stalk manure gave 
a large increase in the nitrate content, but the other 
manures had little effect or caused ' a depression, as did 
the straw-clover manure and the oats straw. At the sixth sam-
pling the results were similar, the corn stalk manure giving an 
increase, and the other treatments having little effect or causing 
a decrease. The oats straw caused the greatest depression. At 
the seventh date the corn stalk manure again had the greatest 
effect, but at this time the straw-clover manure had almost as 
large an influence. The oats straw again caused a depression. 
The other treatments produced slight increases. At the eighth 
date, the treatments all brought about a decrease in nitrates, the 
oats straw having the greatest depressing effect. At the ninth 
sampling, the depression was slight in most cases and the corn 
stalk manure gave a slight increase. At the tenth date the nitrate 
TABLE xxv. ANALYSES OF MANURES TESTED IN FIELD EXPERIMENTS 
ON CARRINGTON LOAM-1928 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Straw manure 
Adeo manure 
Manure 
Ammonium sulfate - phosphate - lime straw manure 
Straw - clover manure No.1 
Straw - clover manure No.2 ' 
Straw - clover ammonium sulfate - lime manure 
Straw - clover - Adeo manure 
Corn stalk manure 
Farm manure 
Oats straw 
Percentage 
total nitrogen 
1.12 
1.81 
3.00 
2.48 
3.21 
2 . 98 
3.20 
1. 73 
2 . 15 
0.90 
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TABLE XXVI. EFFECT OF ARTIFICIAL MANURES, FARM MANURE AND OATS 
STRAW ON NITRATE PRODUCTION IN CARRINGTON LOAM-1928 
Plot Treatment ----
Mgm. N03-N. per 100 gmB. dry Boil 
------------------
No May May M ay June June June June July July July Aug. 
14 21 28 4 11 18 25 2 9 23 20 
----------
--
--------
I Check 1.30 2.35 1.41 0.95 1.49 1.50 0.62 1.25 1.20 0 . 20 0.09 
2 Farm manure 1.80 1.66 1.38 1.15 J .30 1.10 0.93 1.18 1.14 0.41 0.21 
3 Adeo manure 1.39 2.17 1. 70 1.23 1.50 1.32 1.10 0.70 1.08 0.30 0 . 10 
4 Ammonium sul-
fate 
-
pho.-
phate 
- lime 
- straw ma-
ure 1. 31 1.85 1.35 1.14 1.50 1.50 0.70 1.14 1.05 0 . 40 0.14 
5 Straw - clover 
manure No.1 1.50 1.83 1. 41 1.04 1.00 1.58 1.20 0.88 0.88 0.26 0 . 11 
11 Oats straw 1. 59 1.43 1.35 0 . 95 1.00 0.80 0 .51 0.58 1.16 0 .54 0 . 13 
12 Corn stalk ma-
ure 1.29 1.96 1.18 1.85 2.25 1.90 1.24 1 :01 1.28 0.48 0.10 
content of all the soils was low, but the treatments all showed 
some increases over the check. At the last date the nitrates were 
still lower, and the farm manure was the only treatment which 
gave any indications of an increase which could be considered sig-
nificant. 
On the average it appears that the artificial manures had 
very similar effects to farm manure on nitrate production in 
this soil. The oats straw depressed the nitrate content as is us-
ually the case. There was little difference in the effect of the va-
rious artificial manures. 
N it1'ification 
The nitrifying power of the ' soils was determined on samples 
drawn on May 14, June 11 and 18, July 23 and Aug. 20, using the 
soil alone and the soil plus ammonium sulfate and calcium car-
bonate, according to the methods already described. The results 
appear in table XXVII. 
TABLE XXVU. EFFECT OF ARTIFICIAL MANURES. FARM MANURE AND OATS 
STRA W ON THE NITRIFYING POWER OF CARRINGTON LOAM-1928 
Mgm. NOa--N. per 100 gmB. dry soil 
Plot Soil + 30 mgm. N. aB 
No. Treatment Soil alone (NH.)'SO. +210 mgm. CaCO. 
-- ----
--------
-- --------
May June June July Aug. Av. May Jun e June July Aug. Av. 
14 , - -8 23 20 - 4 11 18 23 20 
-- ----
--
--
--
-- -- ------
I Check 2.7 3 .2 2.6 2.1 1.6 2.4 24.5 26.3 14 .2 18 . 7 20 . 7 20 . 9 
2 Farm manure 3.5 4.0 4.1 2.7 2.3 3.3 27.5 29.3 14 . 5 18 . 7 22 . 1 22.4 
3 Adeo manure 2.9 3 .9 2.7 2. 4 1.9 2.8 13.5 19.4 14 . 9 23.4 24 . 3 19.1 
4 Ammonium sulfate-
phosphate - lime-
straw manure 2.9 3. 7 2.9 2.7 2.0 2. 8 25.0 28.5 13 . 1 21.4 24 . 7 22.6 
5 Straw-clover manure 3.0 3.5 3.7 2.4 2.3 3 . 0 26.3 25. 0 15 . 3 20 . 1 20.7 21.5 
1J Oats straw - 3.2 3.4 2.8 1.7 2.8 22 . 7 23.7 14 . 0 18.0 19.7 19 . 6 
12 Corn stalk manure 2.7 4 . 6 3.1 2.4 - 3.2 J7 . 7 22.8 14 .3 19 . 3 16 . 6 18 . 1 
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In the soil alone, at the first date, nitrification was increased 
slightly by the use of farm manure, but the effect from the other 
materials was hardly appreciable. At the second date increases 
were secured in all but one case, the corn stalk manure having 
the largest effect and the oats straw having no effect. At the third 
date, the farm manure had the greatest effect, but all the other 
treatments gave increases. These were slight in the case of the 
Adco manure and the ammonium sulfate-phosphate-lime manure. 
At the fourth s~mpling, all the treatments gave increases, the 
farm manure, oats straw and ammonium sulfate-phosphate-lime 
manure having similar effects. At the fifth date the farm manure 
and straw-clover manure gave the greatest effects, tho the other 
treatments all showed increases. On the average the farm ma-
nure had the largest effect, the corn stalk manure being a close 
second, followed by the straw-clover manure and finally by the 
other three materials which had the same effects on nitrification. 
When the nitrification tests were made in the soil with am-
monium sulfate and calcium carbonate, the treatment with farm 
manure at the first date increased the nitrifying power of the soil. 
The straw-clover manure and the ammonium sulfate-phosphate-
lime manure also gave increases, but the other materials de-
creased the nitrification, the Adco ma.nure having the greatest de-
pressing effect. At the second sampling the farm manure again 
had the greatest effect in stimulating nitrification, the ammonium 
sulfate-phosphate-lime manure also giving an increase. The other 
treatments brought about a decrease. At the third date the effects 
from all the treatments were slight, the straw-clover manure 
showing a small increase and the ammonium sulfate-phosphate-
lime manure giving a decrease. At the fourth date the Adco ma-
nure had the largest effect, the other materials all giving an in-
crease, except the oats straw and the farm manure. At the fifth 
date the Adco manure again showed a large effect, being sur-
passed only by the ammonium sulfate-phosphate-lime manure. 
The farm manure gave an increase and the straw-clover manure 
had no effect, but the oats straw and corn stalk manure gave de-
pressions. On the average the oats straw, corn stalk manure and 
Adco manure did not seem to increase nitrification, but rather 
brought about slight decreases. The other materials, however, had 
similar stimulative effects to those brought about by farm manure. 
Nitrate Assimilation 
The nitrate assimilating power of the soil was determined at 
four samplings on May 21, June 11, June 25 and July 23. 
The method followed in previous tests was employed. The results 
secured are given in table XXVIII, which shows the nitrates in 
the soil at the beginning, after four weeks when incubated alone 
Plot 
No. 
1 
2 
3 
4 
5 
11 
12 
TABLE XXVIII. EFFECT OF ARTIFICIAL MANURES, FARM MANURE AND OATS STRAW ON THE 
NITRATE ASSIMILATING POWER OF CARRINGTON LOAM-1928 
Mgm. NO. -N. per 100 gms. dry BOIl . 
Treatment Soil + 11.1 mgm. N . a. 
Soil in beginning Soil alone after 4 weeks KNO, Mgm NO,-N ... s.imilated 
------------._---------- ---------------------------
May June June July May June June July May June June July May June June July Av. 
21 11 25 23 21 11 25 23 21 11 25 23 21 11 25 23 
---" --- '----------------------- --- ------------
Check 2.35 1.49 0.62 0.20 2.79 2.15 1.58 0.87 15.52 9.78 10 .54 9.40 -1.63 . 3.47 2.14 2.57 1.64 
. Farm manure 1.66 1.30 0.93 0.41 3.21 2.34 2.82 1.40 11.65 11.18 11 . 16 9.80 2.66 2.26 2.76 2.70 2.60 
Adco manure 2.17 1.50 1.10 0 .30 2.66 2.44 3.00 0.74 11.97 10 .70 12 .00 10 . 10 1.79 2.84 2.10 1.74 2.12 
Ammonium sulfate 
-phosphate -
lime -straw rna· 
nure 1.31 1.50 0.70 0.40 2.31 2.56 2.27 1.08 11.90 10.63 10.81 10 .05 1.51 3.03 2.56 2.13 2.31 
Straw -clover ma-
nure No.1 1.50 1.00 1.20 0.26 2.38 2.15 2.70 0.89 11.62 10 . 93 11.4.9 10 . 35 1.86 2.32 2.31 1.64 2.03 
Oats straw 1.59 1.00 0.51 0.54 1.45 2.26 2.26 0.95 9.32 10 .85 10.55 10 .20 3.23 2.51 2.81 1.85 2.60 
Corn stalk manure 1.29 2.25 1.24 0.48 3.70 3.24 2.58 0.95 13.42 9.80 11.04 10.05 1.38 4.54 2.64 2.00 2.64 
~ 
c,.:) 
f-O 
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and after the incubation with potassium nitrate. The nitrate 
nitrogen assimilated was calculated. 
At the first date the oats straw brought about a very high ni-
trate assimilation, and the corn stalk manure also showed an ap-
preciable assimilation, lower, however, than the farm manure. 
The other treatments all showed less effect than the farm manure. 
At the second date the corn stalk manure was the only material 
which stimulated the nitrate assimilating power of the soils above 
that in check soil. In all the other cases the applications had no 
effect. At the third date the oats straw bro.ught about the largest 
increase in nitrate assimilation, slightly greater than that occa-
sioned by the farm manure. The Adco manure was the . only treat-
ment which did not increase the assimilating power of the soil. At 
the fourth date the farm manure increased the nitrate assimila-
tion in the soils, while the other treatments had no effect. On the 
average, all the treatments stimulated the nitrate assimilation in 
this soil, the corn stalk manure having the largest effect. The 
oats straw and farm manure had the second largest influence and 
the other manures all had much less effect than the farm manure. 
The Yield of Corn 
A severe hail storm occurred on July 3, just before the first 
tassels began to appear. The corn was so badly damaged that it 
nevei' recovered. It was harvested in October. No marketable 
corn was produced and the yields are, therefore, of little signifi-
cance. The results are given in table XXIX. A slight increase 
for the farm manure treatment is indicated, but the other treat-
ments had no effect. The results as a whole show, however, that 
there was little difference in the effect of farm manure and the 
artificial man nres. 
SERIES VII. FIELD EXPERIMENTS ON CARRINGTON LOAM-1929 
An experiment was laid out on an area of Carrington loam in 
1929, using plots 14 feet wide and 78 feet long with 7 foot bor-
TABLE XXIX. EFFECT OF ARTIFICIAL MANURES,' FARM MANURE AND OATS 
STRAW ON THE YIELD OF CORN ON CARRINGTON LOAM-1928 
Percent- Bu. per 
Plot Treatment Lb • . per age acre 
No. plot moisture (80 lb • . 
per bu.) 
---- - -
I Check 84.8 20 .8 42.4 
2 Farm manure 90.0 19.6 45.0 
3 Adco manure 72.5 21.0 36.3 
4 Ammonium sulfate -phosphate -lime -straw manure 76.5 19 . 2 38.3 
5 Straw -clover manure No.1 80.7 19 . 6 40.3 
6 Straw-clover manure No.2 83.8 18.0 41. 9 
7 Straw -clover -ammonium sulfate -lime manure 79.5 20 . 2 39.8 
8 Check 84 .2 18.8 42.1 
9 Straw -clover -Adco manure 77.2 19.4 38.6 
10 Straw manure 84.5 24.0 42.3 
11 Oats straw 60.2 22.4 30.1 
12 Corn stalk manure 70.6 20.2 35.3 
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TABLE XXX. ANALYSES OF MANURES TESTED IN FIELD EXPERIMENTS 
ON CARRINGTON LOAM-1929 
Percentage Percentage 
No. Manure total ni trogen water-soluble 
nitrogen 
1 Straw manure 2.02 0.75 
2 Adco- straw - manure 1. 91 0.18 
3 Adco - corn stalk - manure 2 . 07 0.75 
4 Farm manure 1.41 0.39 
5 Oats straw 1.00 -
6 Corn stalks 0.60 -
ders. Oats straw, corn stalks, farm manure, straw manure, Adco-
straw manure and Adco-corn stalk manure were applied, the 
manures being added at the rate of 8 tons per acre and the resi-
dues at the rate of 2 tons per acre. The treatments were made 
on April 24. The analyses of the manures and residues are shown ' 
in table XXX. The land was plowed, disced and harrowed. Su-
perphosphate was applied br.oadcast and harrowed in on plots 7 
and 8. An outline of the treatments is given in table XXXI. 
Reid Yellow Dent corn was planted on May 11. Sodium nitrate 
was applied at the rate of 100 pounds per acre as a top dressing 
to plots 7 and 8 on July 1. 
Nitrate Prodttction 
Samples were drawn from the plots at planting time and at 
frequent intervals until Aug. 23. The nitrate content of the 
soils was determined as in previous tests . The results are shown 
in table XXXII. 
At the first date none of the treatments increased the nitrate 
content of the soil, and all except the farm manure caused more 
or less definite depressions. The corn stalks and oats straw with 
superphosphate and nitrate caused pronounced decreases. At 
the second date these treatments gave slight increases and the 
other treatments decreased the nitrates. At the third sampling 
the farm manure and oats straw with superphosphate and nitrate 
of soda increased the nitrate content, while the other treatments 
gave slight depressions. At the fourth date the corn stalks and 
TABLE XXXI. OUTLINE OF FIELD EXPERIMENTS WITH ARTIFICIAL MANURES 
AND FARM MANURE ON CARRINGTON LOAM-1929 
Plot No. 
1 
2 
3 
4 
5 
6 
7 
8 
Check 
Farm manure 
Adco - stalk - manure 
Adco - straw - manure 
Straw manure 
Check 
Treatment 
Oats straw + 125 lbs. superphosphate + 100 lbs. NaNO, per acre 
Corn stalks + 125 lb •. superpbosphate + 1001bs. NaNO, per acre 
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TABLE XXXII. EFFECT OF CROP RESIDUES, ARTIFICIAL MANURES AND 
FARM MANURE ON THE PRODUCTION OF NITRATES IN THE SOIL-1929 
Plot Mgm. N03- N. per 100 gms. dry soil 
No. Treatment ------------------ - -
5/ 10 5/ 17 6(3 6/ 16 6/28 7/ 11 7/26 8/8 8,23 Av. 
----- -- ------------
I Check 1.00 0.65 1.52 0.98 2.82 1.60 0.38 0.21 Trace 1.02 
2 Farm ma-
nure 1.00 0.43 1.76 1.03 3.06 1.10 0.34 0.18 Trace 0.99 
3 Adco-corn 
stalks 0.95 0.51 1.44 0.87 2.32 1. 70 0.14 0.10 Trace 0.89 
4 Adco-straw 0.66 0.50 1. 81 0.75 2.77 1.88 0.38 0.18 Trace 0.99 
5 Straw ma-
nure 0.90 0.51 1.33 0.84 2.08 2.11 0.10 0.10 Trace 0.88 
6 Check 1.00 0.67 1.57 1.12 1. 87 1.38 0.13 0.10 Trace 0.87 
7 Corn stalks 
+ 125 Ibs. su-
per ph os-
pha te + 
100 lbs. 
NaNO, 
per acre 0.25 0.72 1.47 1.40 I. 59 3.28 0.34 0.40 Trace 1.05 
8 Oats straw 
+ 125 lbs. Ell-
perphos-
pba te + 100 lbs. 
NaNO, 
per acre 0 . 25 0.72 1.79 1.60 1.52 3.31 0.73 0.33 Trace 1.14 
oats straw with superphosphate and nitrate gave increases and 
the other treatments gave depressions. At the fifth date the farm 
manure had increased and the other treatments depressed the 
nitrates. The oats straw and corn stalks with superphosphate and 
nitrate showed depressive effects. At the sixth date all the treat-
ments except the farm manure increased the nitrates, the oats 
straw and corn stalks with the superphosphate and nitrate giv-
ing the largest increases. At the seventh date the oats straw with 
the superphosphate and nitrate showed a small increase, but the 
other materials had depressive effects. The nitrate content was 
low in all the soils at this date. At the eighth date the nitrate 
content of the soils was still lower, and the oats straw and corn 
stalks with superphosphate and nitrate showed slight increases. 
At the last sampling all the soils contained only a trace of ni-
trates. 
The average results show little effects from any of the treat-
ments. The oats straw with the superphosphate and nitrate gave 
a slight increase and the other treatments showed slight depres-
sions, or only small increases. The differences are hardly large 
enough to be significant. It is evident that the artificial manures 
had about the same effect on the nitrate content of this soil as the 
farm manur e. 
The Yield of Corn 
The corn was harvested on Oct. 22. The yields secured ar e 
given as pounds per plot and bushels per acre in t able XXXIII. 
The high yields secured on plots 1 and 8 were undoubtedly 
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TABLE XXXIIi. EFFECT OF ARTIFICIAL MANURES, FARM MANURE, OATS 
STRAW AND CORN STALKS ON THE YIELD OF CORN ON 
CARRINGTON LOAM-1929 
Plot Bu. per Increase 
No. Treatment Lbs. per acre over 
plot (80 Ibs. check 
per bu.) 
--------
1 Check 118.5 59.25 --
2 Farm manure 116.0 58.00 0.75 
3 Adco-corn s talk manure 114.0 57.00 1.25 
4 Adco-straw manure 99.5 49.75 -3.50 
5 Straw manure 117 . 0 58.50 7.25 
6 Check 98.5 49.25 --
7* Corn stalks + 100 lbs. NaNO, + superphosphate 103.0 51.50 2.25 
8* Oats straw ,.j- 100 lbs. NaNO, + superphosphate 114 .5 57.25 8.00 
*Increases fIgured over the Yield on check plot 6. 
due to variations in the Boil. The best corn was secured on plot 
2 which was treated with farm manure, and the increase was 
really larger than the results would indicate, due to the high 
yield on the check plot 1. The straw manure was better than the 
Adco manure, and the Adco-corn stalk manure compared favor-
ably with the farm manure. The superphosphate and sodium 
nitrate with the corn stalks and oats straw increased the yield of 
corn appreciably, the results with the oats straw being better 
than those with the corn stalks. 
( 1) 
( 2) 
( 3) 
( 4) 
( 5) 
( 6) 
( 7) 
( 8) 
( 9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
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